Hypertension control rates are unacceptably low in China. The present study demonstrates if a customized, guideline-oriented training program can cost-effectively improve hypertension management in primary healthcare. Four typical community health centers in Beijing were selected and randomized to intervention or control (one urban and one rural each). A sample of 140 patients with hypertension and blood pressure uncontrolled was recruited from each center. Primary healthcare providers in intervention centers provided management to the recruited patients for 1 year after receiving training with customized hypertension management guidelines, and primary healthcare providers in control provided with usual care. Intention-to-treat analysis showed that hypertension control (systolic blood pressure (SBP) o140 mm Hg and diastolic blood pressure (DBP) o90 mm Hg)) rate was significantly higher in interventions than controls at month 3 (42.1% vs. 34.3% in urban and 30.7% vs. 10.0% in rural centers) and the trend increased to month 12 (70.7% vs. 40.0% in urban and 72.9% vs. 27.9% in rural); P-values by logistic mixed model were all o0.001 for both urban and rural after adjustment for baseline multiple variables including blood pressure. Mean reductions of SBP and DBP were significantly larger in interventions. The intervention was cost-saving, with an average incremental cost-saving of US$ 20.3 per patient in urban sites and $ 7.0 per patient in rural sites. Corresponding results from per-protocol analysis were very similar. The customized, guideline-oriented hypertension management program in primary healthcare in China effectively improved blood pressure control and was cost-saving.
INTRODUCTION
Cardiovascular disease is the leading cause of death worldwide, including in countries such as China. [1] [2] [3] Hypertension accounts for the highest attributable risk for loss of healthy life years from cardiovascular death. 4, 5 According to the 2002 National Nutrition and Health Survey, the prevalence of hypertension was 18% in adults aged over 18 years, an increase of 31% compared with that in 1991 when it was estimated that about 160 million people in China were hypertensive. [6] [7] [8] In contrast, levels of awareness, treatment and control of hypertension were quite low, at 24%, 19% and 5%, respectively, in 2002. 7 The ratio of control to treatment was 1:4. In comparison, the awareness, treatment and control of hypertension in the United States were 70%, 59% and 34%, respectively, and the ratio was higher than 1:2. 9 Although the mortality of cardiovascular disease had dropped by more than 50% since the early 1970s in the United States, mortality has kept increasing in China and is expected to increase in the next 20 years if interventions remain unchanged. 7, 10 To involve primary healthcare providers in China in the control of hypertension and to overcome their low technical capacity, a simplified, pragmatic, customized and evidence-based guideline, 'The Primary Healthcare Practice Guidelines for Hypertension Prevention and Control' , was developed and adopted by the Chinese professional associations, the Chinese Center for Disease Control and Prevention and the Ministry of Health. 11 This paper reports on the first study conducted in China, to evaluate the effectiveness of applying the guidelines in practice.
METHODS

Study sites
Four community health centers in Beijing, two from urban districts and two from rural districts, were selected as representative in terms of social and economic development, through recommendations from the local health authorities. The study sites were stratified by urban and rural because of the very large social and economic differences that exist.
Patients
We recruited 140 uncontrolled hypertensive patients in each community health center for the study. All primary healthcare providers were trained to use a simple tabulated case management record (CMR) to document the initial clinical visit and each subsequent follow-up visit. All patients received followup every month until the end of month 12.
Patients had to meet the following criteria: they should be 18 years of age or older, should have primary hypertension with uncontrolled blood pressure (systolic blood pressure (SBP) X140 mm Hg or diastolic blood pressure (DBP) X90 mm Hg, regardless of anti-hypertension medication use), should be managed mainly in the community health centers, should be willing to participate and sign the consent form, should not plan to move away from the community in the following year and should not have any severe diseases or mental illnesses that could significantly affect his/her commuting to the center for regular follow-up visits or have normal communications with primary healthcare providers. The study protocol was approved by the Ethics Committee of Cardiovascular Institute and Fuwai Hospital, Chinese Academy of Medical Sciences. The written informed consent was obtained from all study patients.
Intervention
The intervention was randomly assigned to one of the urban centers and one of the rural centers. Primary healthcare providers in the intervention centers received an initial four and a half day group-training lectures in the Primary Healthcare Practice Guidelines for Hypertension Prevention and Control (referred to as 'Practice Guidelines' below) and four subsequent individualbased consolidated training, one per quarter, based on the actual cases. The contents of the Practice Guidelines included detection, evaluation, nonpharmaceutical and pharmaceutical treatment, follow-up and management, two-way referral, prevention and health education for hypertension. 12 Briefly, primary healthcare providers were asked to treat the patient's blood pressure to the target (o140/90 mm Hg). Low-cost generic medications were recommended and low-dose combination use of anti-hypertension medications were encouraged. Lifestyle consultations were also included, emphasizing on low-salt diet, regular exercise, weight reduction and smoking cessation at all visits. All patients were asked to come to the centers once per month for regular follow-up visits, with blood pressure being measured at all visits and medical treatments adjusted accordingly (titrated to a higher dose or added onto another medication). Lifestyle advice was reinforced if a patient's blood pressure targets were not reached. Patients were to be referred to the specialists if there were any cardiovascular disease signs, symptoms and situations presented during the follow-up that the primary healthcare provider felt unable to deal with. Primary healthcare providers in the control groups received no training and provided usual care to their patients.
Sample size
The sample size estimation was based on the blood pressure control rate, with an estimated rate of 20% in the control groups and 20% absolute increase in the intervention groups at the end of the study. 6, 7, 12 A minimum sample size of 108 participants in each community was required with a power of 90%. Taking into account the loss to follow-up, we required each center to recruit 140 patients.
Measurements and outcomes
Information was obtained using the tabulated CMR filled out by primary healthcare providers at a monthly basis, including demographic information, blood pressure measurements, risk factors, new cardiovascular and renal diseases, medical treatments and lifestyle advices. Blood pressure was measured using standardized methods in every follow-up visit by the primary healthcare providers using a validated sphygmomanometer (model: Yuyue GB305393, Shanghai Yu Yue Medical Equipment Co., Ltd., Shanghai, China). 11, 13 The primary outcome was blood pressure control rate, specifically, the percentage of patients with SBP o140 mm Hg and DBP o90 mm Hg among all patients. The secondary outcomes included the reduction of SBP and DBP from baseline. Costs and cost-effectiveness were also assessed. Information on anti-hypertension medication use, including the brand names and doses, was collected from the doctor's prescriptions. Information on non-pharmaceutical treatment was also collected from the tabulated CMRs of the lifestyle advice given by the primary healthcare providers, and the use of both pharmaceutical and non-pharmaceutical treatments was analyzed as process indicators to help understand the possible mechanisms that influence the control of blood pressure in the intervention groups. Cardiovascular and renal diseases refer to any incident that may cause damage to the heart or vessels, including stroke, coronary heart disease, diabetes and renal disease.
We conducted an economic evaluation using a health sector perspective. The overall cost in each group included the costs for drugs, time spent by the primary healthcare providers (taking care of the participating patients and attending the training sessions), training (compensation to the trainers, training materials, the facilities for training and transportation for trainers to travel to the community health centers), administration (salary compensation to the health administrator, called 'Project Administrator' in the study and the transportation to the sites for project monitoring) and the tabulated CMRs. Given the health sector perspective, we did not include the patient's indirect costs, such as time for seeing the doctor and transportation from home to the community health centers/clinics. Drug cost was calculated by the local market price of the drug multiplied by the dose per day and days of treatment, and all costs were then converted to the US dollars using the exchange rate in year 2002 (one US dollar equals to 8.2772 Chinese Yuan).
Statistical analysis
To simplify the data analysis and avoid too many missing values induced by missed follow-ups, we decided to analyze the blood pressure data on a quarterly basis rather than a monthly basis, and use their measurements that were most close to the time point of month 3, 6, 9 and 12.
Both the intention-to-treat (ITT) and per-protocol (PP) analyses were conducted to assess the efficacy of the intervention. ITT analysis used data from all patients (140 Â 4 ¼ 560), with missing values of blood pressure readings replaced by the value taken in the previous visit.
During the study period (12 months), 3 patients died and 9 moved out of the residential area, but loss to follow-up were balanced between intervention and control groups. Another 112 patients did not show up to at least one of the four quarterly follow-up visits, and had one or more missing values of blood pressure measurements. PP analysis only included the 436 patients (77.9%) who had blood pressure measured at all the four quarterly visits ( Figure 1 ).
Statistical analyses were conducted using SAS 9.2 software package (Peking University Health Science Center, Beijing, China), and Po0.05 were considered statistically significant. For the primary outcome of blood pressure control rates, the logistic mixed model was used to test the overall intervention effect and the linear trend over time, adjusting for possible confounding factors such as baseline blood pressures, age, body mass index and the duration of hypertension, which accounted for the cluster effects and potential correlation within patient from the repeat measurements at months 3, 6, 9 and 12. The comparison of the reduction on SBP and DBP levels between the intervention and control groups was implemented using the general linear mixed model, which accounted for the cluster effects and potential correlation from repeat measurements within each individual patient. The interaction terms of the intervention and time were introduced into both models so as to check if the trend over time differed by intervention groups. The P-values from multiple comparison of the control rate or blood pressure reduction were given after Hypertension management program in China X Wang et al correction by the Bonferroni method. We reported unadjusted and adjusted blood pressure control rates and mean reduction of blood pressure, together with the corresponding 95% confidence intervals, between the intervention group and the control group by urban and rural, adjusted for age, body mass index, SBP/DBP and the duration of hypertension.
To measure the changes in non-pharmaceutical treatments over the intervention period, we used data at month 1 and month 12 from the CMR, because no such data could be available before the intervention according to the study design.
A Student's t-test was used to compare the means and the w 2 -test to compare the rates between intervention and control groups at baseline, and for the comparisons in secondary analyses.
RESULTS
Baseline characteristics
As shown in Table 1 , patients in the intervention and control groups were similar in gender, alcohol drinking and tobacco smoking in both urban and rural centers. Patients in the intervention groups had better education attainment and lower SBP and DBP, but more history of disease, particularly coronary heart disease. In addition, patients in the urban intervention were older and had less obesity than in the urban control group, whereas no such differences were observed in their rural counterparts.
The effects on blood pressure control
The results from logistic mixed model as in Table 2 showed that the overall effect of intervention were significant in both urban and rural centers after adjusted for SBP at baseline, age, body mass index and duration of hypertension (all P-values o0.01). The blood pressure control rate increased with time in both the intervention and control groups (most P-values o0.0001), except for the control group in urban sites, but the magnitude of increasing of control rate with time was greater in intervention group than in control group (all P-values o0.01). This resulted in increasing wider differences in blood pressure control rates between the intervention and control groups so that the differences turned significant from 9 to 12 month in the urban, and from 3 month in the rural group. The results from PP and ITT analyses are very similar.
The effects on SBP and DBP reduction
The reduction in SBP and DBP levels appeared to linearly increase over time in both the urban and rural group, no matter whether in the intervention or control groups (most P-values for trend test o0.001), except for the DBP reduction of control group in the urban group (P ¼ 0.7559 for PP analysis). On the other hand, the magnitude of increase on blood pressure reduction over time appeared larger in the intervention than in control group, both in urban and rural, with the exception of SBP in the urban group. The overall effects of intervention on SBP or DBP were significant in both urban and rural at PP analysis. For urban, the difference became statistically significant at month 9 and 12 for SBP and, since month 3 and afterwards for DBP. For rural, the difference became statistically significant at month 6 and afterwards for SBP and at month 9 and 12 for DBP. Similar to the trend of blood pressure control rate, the blood pressure reduction became increasingly larger in intervention groups but not in controls, so that the difference between the intervention and control groups became much wider at the end of study (Table 3) . Again, PP and ITT analyses showed very similar results.
Economic analysis
As shown in Table 4 , the average annual cost of per patient in the intervention group were significantly less than those in the control group, in both urban and rural settings. The higher training, Figure 1 Flow chart of study patients during the follow-up.
Hypertension management program in China X Wang et al administration and salary costs of the primary healthcare providers were more than offset by the lower drug costs incurred in this group in both urban and rural settings (ITT analysis: by $20.3 and $7.0 per patient, respectively). Thus, the intervention is found to be costsaving and allied with the positive-effectiveness findings; the costeffectiveness of the intervention can be seen to be dominant over usual care.
Secondary analysis
We further analyzed the changes in use of non-pharmaceutical and pharmaceutical treatments provided by the primary healthcare providers to better understand the mechanisms that led to the improvement of blood pressure control in the intervention groups. As PP and ITT analyses showed very similar results, we only used PP analysis for this purpose.
At month 1, the percentage of patients on non-pharmaceutical treatment was already significantly higher in the intervention groups than in controls (Po0.001), in both urban and rural centers (Table 5) . From month 1 to month 12, the percentage of patients on non-pharmacological treatments increased almost exclusively in the intervention groups, but remained unchanged in controls (Figure 2 ).
All patients had been taking pharmaceutical treatments since the beginning of the study. Generally, there was no significant change in the use of each type of anti-hypertension drugs, except for the calcium antagonist that increased significantly in the rural intervention, and b-blocker that decreased significantly in the urban control. The most striking change in the pharmaceutical treatment was a significant decrease in the number of patients on a single-drug therapy, but those on a two-drug combination increased significantly in both urban and rural interventions (Figure 2) .
During the 1 year of follow-up, there were 15 new cardiovascular and renal diseases, 3 in the urban intervention group, 6 in the urban control group, 4 in the rural intervention group and 2 in the rural control group. As not many events would be expected in such a smallscale study, we did not try to perform the statistical test for the difference.
DISCUSSION
Before China established its community health services, hypertension was not considered the responsibility of primary healthcare providers, mainly because of their insufficient medical training. Similar to other developing countries, hypertension management in China had predominantly been hospital-based and specialist-focused. The majority of people with hypertension had limited access to care and this became a major reason why awareness, treatment and control of hypertension were low and changed little in China. 7 To address this problem affordably, particularly in low-income settings, primary healthcare providers must be mobilized to take the frontline role in managing hypertensive patients living in their communities, to better control hypertension at the population level. For this reason, the Primary Healthcare Practice Guidelines for Hypertension Prevention and Control was developed. However, there was some doubt that the Practice Guidelines would be applicable and effective, considering the general lack of professional medical training of primary healthcare providers, particularly in rural China. The present study demonstrated that the application of customized Practice Guidelines significantly raised the control of blood pressure by more than 50% in urban primary care and by more than 200% in rural primary care in Beijing. We also noted significantly larger mean reductions of SBP and DBP in patients in the intervention communities. The results from PP and ITT analyses were very similar, indicating the missing follow-up visits did not affect the study results significantly. Patients in the intervention groups received more advice on therapeutical lifestyle changes and were more likely to receive combination drug therapy, with significantly less cost. These results showed that the Practice Guidelines are applicable and effective in the control of hypertension in China. More importantly, the high control rate attained in intervention groups, both urban and rural, demonstrated that the Chinese primary healthcare providers could be the frontline for management and control of hypertension. Finally, the economic analysis indicates that the intervention is cost-saving with initial investment in training, administration and staff time more than offset by savings in drug expenditure.
Previous studies found a strategy of healthcare provider education alone led to modest or negative results in hypertension control. [14] [15] [16] [17] [18] [19] [20] However, the effect of healthcare provider education varied in the level of intensity, such as mailed education material (low intensity), traditional lecture (moderate intensity) and visits to physicians' offices by peers (high intensity). 14, [21] [22] [23] [24] The intensity of our intervention was high, as we provided a quarterly, individual-based consolidated training session following the initial group training, which not only ensured the compliance and the capability of the providers in hypertension management, but also indirectly strengthened the doctor-patient relationship after the patient's health improved. [25] [26] [27] [28] [29] [30] [31] [32] Higher percentage of study patients who complied with follow-up visits in the study in interventions than in controls, 76% (107/140) vs. 60% (84/140) for urban and 94% (132/140) vs. 83% (116/140) for rural, indicates that the intervention also increased the use of primary healthcare services by patients. This was possibly mediated through an increase in levels of trust in the primary healthcare providers developed through the intervention.
The effect of implementing clinical guidelines in the management of hypertension in general practice has been evaluated by others. However, the effect reported was much smaller than the present study. For example, Hetlevik et al. 33 reported that using a computer-based clinical decision support system and a specific implementation strategy resulted in 1 mm Hg of DBP and 1.2 mm Hg of SBP in favor of the intervention group after 18 months.
The possible reasons for the very significant increase in control of blood pressure in our study include the following. First, the Practice Guidelines were customized to the providers and the existing availability of medications and laboratory tests in the Chinese primary healthcare facilities. This ensured the acceptability and applicability of the intervention for grass-root level doctors. Second, in contrast to the situation in San Francisco, the baseline knowledge and capability of the Chinese primary healthcare providers in management of Abbreviations: BMI, body mass index; CI, confidence interval; ITT, intention-to-treat; PP, per-protocol; SBP, systolic blood pressure.
The logistic mixed models were employed to adjust for baseline SBP, age, BMI and the duration of hypertension. P trend : P-values for the linear trend of time of the adjusted hypertension control rate in intervention and control groups, separately. P effect : P-values for the overall effect of intervention in the study period. P interaction : P-values for the difference of slopes of time linear trend between intervention and control. *The significance between intervention and control groups in each time points: 0.01oPo0.05; **Po0.01. a Number in the brackets are sample size for ITT analysis/for PP analysis.
hypertension was much lower, as demonstrated in the control groups, giving larger room for improvement. 15, 34 Results showed that patients in the intervention group generally spent less money on drugs, a potentially counterintuitive result, given that the aim of the intervention is to promote hypertension control. This is because the guidelines recommended the primary healthcare providers to first use the low-cost generic drugs instead of those expensive new drugs as one of the principles for pharmaceutical treatment. Thus, although the number of drugs might have increased, cost-savings were achieved through more cost-effective prescribing. In China, the price for the most expensive anti-hypertension medication per day is over 100 time of the cheapest one, with the cost often borne out-of-pocket by patients. This finding, thus, indicates not only the potential public health benefit through adherence to blood pressure control guidelines but also the scope for significant cost-savings to individuals and the health sector.
Our study has the following limitations. First, we were not able to recruit more community health centers to ensure better representation because of resource constraints. However, we were careful in the selection of the community health centers through consultation with the local health authorities to ensure they are as typical as possible. We also randomized the intervention and control groups, although Abbreviations: BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; ITT, intention-to-treat; PP, per-protocol; SBP, systolic blood pressure.
The general mixed models were employed to adjust for baseline blood pressure, age, BMI and the duration of hypertension. P trend : P-values for the linear time trend of adjusted mean reduction of SBP/DBP in intervention and control groups, separately. P effect : P-values for the overall effect of intervention in the study period. P interaction : P-values for testing the difference on the slope of reduction of blood pressure levels over months of follow-up. *The significance between intervention and control groups in each time points: 0.01oPo0.05; **Po0.01.
only two centers were available in each urban and rural setting. However, the comparison of baseline characteristics showed that patients in the interventions had significantly lower SBP and DBP than in the controls, which may lead to a better control of blood pressure. The difference at the end of 12 months between intervention and control, both in control of hypertension and in reduction of blood pressure, existed after adjustment for the baseline blood pressure as well as other potential confounders, employing the multiple regression models. Second, as the study was quasi-experimental study and only one cluster was included in each arm, we could not fully eliminate the possibility of chance or other factors as the cause of the effect. But to minimize this issue, we selected the study sites from both urban and rural areas, and had parallel control for both urban and rural areas in the study. The significant increase in blood pressure control took place in both urban and rural intervention groups, strengthening the link between the results and the intervention. Furthermore, we measured the effects every 3 months and demonstrated that an increase in blood pressure control in the control groups took place only in the first 3 months, but did not continue in the later follow-ups, suggesting that the effect was coming from the intervention rather than just by chance or other factors. Third, we could not blind the measurers of blood pressure (the primary healthcare providers) in an open-label trial such as this. However, we tried to minimize the possible bias by using a uniform protocol in the training all the primary healthcare providers and through the use of electronic devices for the measurement of blood pressure. Fourth, we did not collect baseline data on pharmaceutical and non-pharmaceutical treatments, as the patient recruitment was done after the initial training. The lack of such information at baseline could weaken our inference on the causal relationship between the intervention and effect. However, our findings that the percentage of patients on non-pharmacological treatments and on combination drug therapy increased significantly in the intervention from month 1 to month 12, but not in controls, strongly support the conclusion that doctor and patient behavior changes were true and led to the effect of intervention. Finally, we collected data for the cost of blood pressure-lowering agents only, but not other treatments for cardiovascular and renal diseases due to the resource constraints. Although the intervention effects and potential costs and cost-savings may have had a secondary influence beyond blood pressure-lowering agents, we had no direct evidence available to estimate these.
In conclusion, our findings provide evidence that application of customized guidelines could effectively improve management of hypertension in both urban and rural community health centers in China, although resulting in cost-savings. This study has substantial implications for hypertension management in primary healthcare in China. 
